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SOLUTION: A double-electrode wafer holder comprise a central electrode 2 to which an rf 
cun-ent is supplied from an rf power supply 8, a thin dielectric ring member 3 disposed 
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1 . Tit le cf tb( iBvtnl ion: 

Dual eiectrode vater holder fci plasma assisted rafer precc^siog 

sp t em 

2. Claims: 

[Chim 11 

A dual ehclrcde holder fcr plasma assisted wafer prccesjio 

R system ID urdci tc place a wafer icr plasma processing is a rejcicj is 
cGinpi i sed c f ; 

a ceoter cicctfcdt soppiicd with ao rf correal frcra aa rf pcver $ 

CDFCC, 

a tbia dielectric lisg membef arranged arcisod side^sall cf said ce 
otcr electrcde. 

an cater elccLrcde arranged arcusd said thin dielectiie ring nemb 
er. vhicli oblaios a fraclicii cf the rf cnrrcot given tc said center elec 
trcde Tia capacitiul? ccnpling mec 1) a n i througb said tbio dieiectiic r 
iDg meiDber, 

a dielectric plale fcr covering tie ipper surface cf said enter e 

IcctrodC; and 

dielectric ocrabers fcr cGFcring the side aod Ic^er sarfaces cf sa 
id outer electicde aod ibe letter surface cf said center electrode. 
[Claim ^] 

A doal electrcde ^ifer bolder fcr plasma assisted wafer prccessin 
g system as claimed in cliiin 1. wfacreio Said enter electrode is given an 
rf current from a separate rf pcver source via a ntaicbiag circuit. 
[Claim I] 

A doal electrode Fafei bolder for plasma assisted vafcr processin 
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g STSttoi ID order tc piace a walei for plasioa prcccsnog ia a reactc? is 
ccmpi t sed i; ( : 

a center cicctrcde, 

a thin dieleclric rin^i member arraoged aicnEd sidewall cf said ce 
flier clcclredf , 

as coter deciredc arranged aicQDd said thin dicicctric riof mtmb 

er . 

a dielectric plate fci (cveriug the uppei smfacc cf said coter e 
led rede, and 

dielectric nienib<rs for ccvering the side asd Ic^-ei surfaces cf sa 
id cotei eleclicde and the lower snrface cf said center electrode. 

whereio Eaid outer clectrcde is soppltfid «^ith ao if tirrcDi frcia 
ao ri pcTFcr <CBice. aod said ceoter eiectrcde obtaios 8 fractica of tbe 
rf cirrcot gi^eo tc said enter eiectrcde fia capacitively ccipliag necha 
cisn thjcagb said tbio dielectric riog mcmbei. 

[Oaia 4] 

A doal eiectrcde wafer hclder fcr plasma assisted »aier prcccssifl 
t sjstcin as claimed in any coe cf claims i - 3, whereiD heigbt cf said c 
Btcr ciccircde arcuod said thiD dielectric ring merafaer is altered to chi 
ngc the capacilaace between said center electrode aod said citci electro 
dc. 

[Claim 5] 

& dual clectrcde wafer holder fcr plasma assisted walcr prcccssiQ 
g ststem as claimed in any coc of claims ! - 3, wherein the cruss scciio 
oai shape cf said citer electrode is changed appropriately to move plasm 
a genciated over il towards cr catwards from the center cf said reactor. 

[Claim 6! 

A deal electrode wafer hcldcr for plasma assisted wafer prccessio 
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g S\steiD as chimed in aor CDf c\ claimf t - S, wbciein thi<kaes£ cf fai 
d IhiD dificclric ria; tneniber arcund Faid center eleclrcde is altered tn 
chaDge the capacitacce between said renter electrcdc aod said coler ele 
c t r Rd e . 

3. Detailed Description cf the Inventicn: 

[ooon 

(Field c f I Ddus t r i 3 1 App 1 i ca t i ci ' 

The pjcsenl iovecticD relates to a dual electiudc vafer hcldei fc 
r plasma assisted »a ier -process i ng sysiem. This invcDtico facilitites tc 
jmprcTc the radial tioifciaiitf cf plasma «n the sarfacc cf a viiti place 
d in a plasma-prccessiig icacur. aad thereby a uDifcrm process rite cfe 
r the entire sBiface c( the irafer. The reactor is ttscd fcr plasma assist 
ed dry etching, chenical vapcr depositica cr sputter dcpusilico prccesse 
s. 

[DQOZi 
(Prici Art] 

One cf the majcf picbleins in plasma assisted vafer processing is 
the ocoDaifcjin plasma cvci the etitire surlate cf the valer ic be process 
cd. This prcblem lesilts in a DCQeDifcrra process rate cr the »afcr sorla 
ce and the faalty cf devices. This prcbletn is cxplaifled iii detail using 
tvc types cf the cuaiCDtiofial wafer holders. 

10003] 

Fig, ? shcrs ODC of the coavefltional plasma pjccessiog sxsteois. T 
his system has a reactor 110 and a wafer holder lOQ vitfaiD it. Sioce odI 
f the vafer holder 100 is of interest fcr this inieittioR, parts cf the p 
lisme processiag system except fc; the vafer hclder 100 are doI exphioe 
d. The wafer holder 100 is ccmpiised of aa rf electrode 101, a dielectri 
c plate 102 ob the rf electrede 101. upper aad lover dielectric members 
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lD3a and !l)3h tc ssppcrt Ihc if elcctfcdc 151, a meiai side^aM 104 and 
a Uttcm plate N5. Tbe valer bcldci lOO is placed ou the bcticm wall 11 
1 cf the rtacicr llC. A Si wafej 106 leaded cq Ibe wafer hclder 100. 
The diaceter cf the ri clectrcde IDI is BSoallv equal ic cr sligbtlj iar 
ger than tbe diamcler cf tbe irafer 106. For eiamplr. if Iht ^alcr diamer 
er is 200 mm. tbe diameter nf rl ciccticdc lOl nay lie la ihe laage cf 2 

00 rom tc 26C mm. DepeDdiDg cn the iTpc cl process, there may ci mav net 
be a dicle{tric plare 102 cn ihe npper sarface cf fl clectrcde IH. If t 
here is a dielectric plate 102 ca the if ciectrGde iOl. iu diameter i; 
cqaal tc ci smallcf ibau tbal cf the ff eiecticde iOl. Tbe Si ^afer 106 
Is placed CQ tbe cential legicn ef tbe dielectric plate 102. 

[0004] 

There is an cuter shield 112 arcond the wafer 106. The material b 
f euter shield 112 is expe i in.eDta 11 y selected tc sail the relevaot wafer 
precession cUmistr?. The ri elecircde IOl is gives an rf coircot from 
a rf gCDCTttci 107 via a mitchiag circuit 108. Tbe freqecDcj cf rf cone 
Qt is aSBallv act critical aod lies in the range cf 10 MHz tc 60 Mi, Th 
c rf correst ccoples tc tbe plama bv capaeitiveiy ccopliol^ oechaoisB) vi 
a ifac dielectric plate 102 and tbe wafer 1(16 and gcBciates a plasna. T6i 
s gecerattd plasma is ascd for plasma assiHed wafer processing. 
[0005] 

[Prcblems to be sclfcd by the [nventicn] 

The prcblCE associated with the abcve-ment i oned conf ign lat ico i< 
explaiaed next. The radial uoifcrinitF of the plasma density depends oa s 
CFeial paraiDtters suci as si frequencT cf rf corrent, thickness cf the d 
telectric plate 102, and dianeters cf the rf electrode 10! and dielectri 
c phte 102. Fig. I shows three possible radial prciiles 109, 110 and 11 

1 oDt cf maDT possible radiaj profiles as tc the plasma radial density o 
T plasma d i s t r i bnt ion . Tbe required plasma density profile over the wafc 
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1 suffice is girei) bj tfae radial picfile 110. Hcwevrr, it i5 vary la/e I 
G iti tbis Hasina deasity radial piolile. ^cn cf the time, plasma dcosi 
U pit* file CDd; up tfith differeot shape; as shcvn by the (urves 109 mi 
111 ci other diffcfCDl fhapes. Usually by ccstrclliDf tde pressure aod i 
f pcver, the radial prclile cf the plasnia density can be irapiovcd tc scm 
e cneot. Hcwcut, a? c5ujI1t the case, thf rf power and presEuie c-piimi 
zed for ladij! UDifcrmiiy dc dci cciDcide with these selected tc get the 
required ptcccss rate and ether prcces* parameters. Therefore, the ccDt 
rcl cf radial anilGrmity ever the ^aier surface vith the ccniigoratico g 
iTeniDFig.7islimited. 
[0006] 

Fig. 3 shews ancthcr cGDliguntico cf the ccQTenticDa) plasma pre 
ccFsing EysteniF. This system is ccispiised cf a tcp electrcde ISO, the ah 
cve-iDent icticd 7afer hcldei 100, a cylindricai sidcvall 151, a bcttcoi pla 
te 152 and a tcp plate 153. The cenf igo ra t i c d of wafer hclder 100 is the 

same as given io Fig. 7. This con f i gur at i od cf the plasoa processing sy 
Steal is called as a dual [reqcencT react c; because the if freqiencies ap 
plied tc the upper aod lower electrodes 150 and 101 ire osoally differen 
t. The upper electrode 150 is. supplied with the rf power froro ancthei rf 

pcFcr gcneratcr 161 via anclhcr malching circait 162. The oppef electro 
de 150 jficlated frcia the walls of the reactor 163 by a dielectric oien 
ber 161. Here, the main plasma is generated by rf power applied tc the i 
pper electrode 150. Usoalty. the frequeicy of rf power applied to the up 
per electrode 150 lies in the range of 10 MHz to tOO Mt . The frequency 
gI rf ((irreat applied to the lower electrode usually snaller than or eqo 
a) to that cf ttie upper electrode 150 and lies in the raoge of 1 MHz to 
30 MHz. 

10007] 

Eveo with the c co f i go r a t i oo ol the second plasma prcccssiog syste 
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m the eoDi I c 1 1 abi I i t J cf radial prcfile cf plasma deo'lty en ihc ffalei s 
oHacc is llffllicd. Etcd ihcugfa !he rf frfqocncj has seme effects od tbe 
radial profile cf tbe Hasma defisii?: cuce the Fyslcn is asscrablfu, chao 
ge cf if freqocDcy is set a practical scfotico to inpicvf tbe radiii ici 
fcrniiy. Therefore, cnly the rf pover and pressnrf are tlie raain icinaioic 
g paraaeters tc ccntrcl tbe radial onifcrinitf cl the phsiDS dcGsitf. A< 
ciplaiDcd bclcfc, then two parameters iiave limited capalfilitj is ccnlro 
llinj^ the plisiaa deadly radial (joifcimity. 

looos; 

The abCFe-racD i i CDcd plasroa prccessiog jysteins pcint cut tiiat main 
electr«6es, that jj tbe Uwcr and upper electrodes, ccatrcl the piasroa 
cheinistiy and required process parameters bol have limited capability to 
ccntrcl the radial prcfile cf the phsma ever the wafer sarface. There! 
ere. there nost be an additicoal paraiaeter tc ccntrcl the radial prcfile 
cf the plasma ever the wafer sarface CBce the prcccss parameters reqair 
cd arc acbieied by emplcnug suitahle valoes tc main electrodes. This is 
particolarij impcrtaot fci large area vafei prccessing. 
[D0Q9] 

Object cf the present iDJcnlloB i? tc provide a dual electiDde wa 
ler hcldei fcf plasma assisted vafer processing system capable of impjcv 
log the radial prcfile cf the plasma densit? cn the wafer tu be prccesse 

IDOlOj 

(Means tc scire the Prcblcd 

a deal electrode ffafer holder lor plasma assisted vafer processin 
g Sfsten of the present inveotion is coifigored as folicvs in order tc a 
ItaiQ the abovc-meDt io&ed cbiect. 

mill 

A dual electrode vafer holder of the present ioveDlicQ is osed in 
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crdcr re piace a wafer fcr plasma prcceSEing io a reacicf. It is ccnpn 
scd cf a cenier clfctrcde supplied ffiih an i! ccifcot frcri ao rf pcwer s 
Cflice, a thin dielectric ring member airanged arcttod sidewall cl Ibc cen 
t£i ticctrcdc, an coter eUclrcdc arraDged arcand Ihe thin dieltclric ri 
og membfr. vhicli obtain? a fraclicn cl tbf ff coJftot gitfo tc tbc ceote 
I electrcdf via c a pa c i t i ve ] y cccpling mechanism tbrctifb the thin dseiecr 
fie ring member, a dielectric plale fci covering Ibe opper seriate of th 
c outer elf.circdc. and dielecMic nembeis Icr fcrcriog tlie side aad Icve 
I surfaces cf the cuter eiccircdc aad the icwer siiflace cl the ccoier el 
ectrcde. 

10012: 

lo acccrdaacc with the ten f ign f a t i cd , Ibc id i Ic rmi t r c I ihe plains 
a ca the wafer surface cao be improved. The enter rf clectrcde is dcsigD 
ed sc that a fractica of the rf cirrcnt applied id the center rl elcctrc 
dc. By cbanging the capacitance belwceo the cen.ler aod cater electrodes, 
tie if pcvcr ccDplcd to the floter electrode caa be changed and thereby 
ihe radial tin i f croii ty of tic plasma can he ccntrollcd appr cpr i a te I j , 

toon] 

Id the abcve ccof i gn r a li nn , preferably, the outer electrcdc is gi 
ven an rf CBrrcot frcn a separate rl power source via a matching circoit 

10()14J 

Another dual electrode vafer holder cl the present lOTeniicn is t 
ciiiprised of: a center electrode, a thio dielectric ring raenber arranged 
arcosd sidcvall of the center electrode, an ooter electrode arranged arc 
and the ihio dielectric ring member, a dielectric plate for coyeriog the 
Dpper surface of the cater electrode, and dielectric merabcrs fcr ccvcri 
ng the side aod lower snrfaccs of the ontcr electrode and Ibe lower urf 
ace of the center electrode. Id the above ccnf igoration. the outer elect 
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rode is sopplieo ^ith an rl coiitDt ficnj an i\ pcwcr scaice= aod the ccd 
tei eleclrcae cbtaio? a iracticn cf the rl {urrcst giuD to the ODtef el 
cctrcee tia capafiti?ely cfiflplinf mechaoism tbfcigh Ue ibio dielectric 
lioj oienibe;. 

[0015] 

Id the abcve dual eUctrrde yafer hcldei, facight of the cater ele 
<l:cde aroDDd the thiQ dielectric ring member is altered ic change the c 
ipaciiance betw^eo the center eiecticde and the enter electrode. 

I0C16; 

In the doa) electrode ^afer holder, the cross scctlcoal shape of 
the cBtci cicctrcde is chanied a ppr c pr i a t e 1 t t€ mcfe plasma generated tr 
ti it towards or cotvaids ficai the ceotcr of the rtactoi. 

in\i: 

Id the dual electrode Tfafer holder, thicktess cf the Ibin diclect 
ric liag racmbcr arocad the (cater electrcde if altered to claagc the cap 
acilaacc hcivecD the ceater electrode and the coter electrode. 

[OOlfij 

[Wcrliag Example cf the iDTeDticn] 

Hcrciaaficr. preferred working extmples will be eiplaincd acccrdi 
Bg ic attached drawings. Tbicngh the eiplanaticn cf the wcrliog examples 
, the details of the present inventions will be clarified. 

[0019] 

The first ffcikiag eiatDple cf the present iaveDtici will he eiplai 
led ia accurdiace with Figs. 1 aid T Fig, 1 sho^s inly a wafer holder I 
, The reactor haring the walcr holder 1 is aot Shown is Fig. 1. The wafc 
r holder 1 is comprised cf a center rf electrode 2, a this dielectric ri 
Qg 3 aroond the side^sall of the center electrode K an oater metal ring 
4 which is called hereafter as an cater electrode, i dielectric plate 5, 
dielectric oieaibers 6a and 6b to isolate the center and cater electrodes 
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frcia a'sidcvallE 11 aad bcttcm phlc 12 ol the wafer ticlder I. Tht diasi 
etfj cf the (ecter eiecircde 2 is comparable tc that cf the i-afer 1 lead 
ed CD it. FcT example, if the ivafcr diamcler is 20C nm, the diameter cf 
the ceotff etectrode 2 can be ic the laogc cf 130 m tc 2 3 0 miQ. The heig 
ht cf the center ciectrcde 2 is net ciitical and usuallj taken arcand 3- 
4 cm. 

100201 

The center clecticde 2 is ccDDecied tc ao rf poffer generaicr 8 vi 
a a mauhing circuit 9. The IrequcDcr cf the rf pc«-er geoeiatcr 8 is act 
critical and DSnallj Jelecttd it) the range cf 10 MHz ic 100 MHz. 
[002i; 

Oc the opper surface cf the ceotei electrode 2 there. nay be a thi 
Q dielectric plate 10. This thin dielectric plate 10 cao be emitted. If 
there is ibe thio dielectric plate 10 co the appcr sarface cf the center 
electrode 2 as shcffo io Fig. I, it is isually strcD^ly bended tc hare a 
belter thermal condoctaoce betTeeo the dielectric plate 10 and the cent 
CI electrode 2. Id this case the dielectric plate ID is used tc clamp th 
c wafer 7 co the wafer holder I by an e 1 e c 1 1 osta t i c chocli mechanigm. If 
this elec'trcs'tatic chack meclanism is used, i gas rcserrcir is made ca t 
he apper Surface cf the dielectric plate 10 in order tc fill a gas betwe 
CD the wafer 7 and the dielectric piale 10. The ga? makes a better thertn 
i\ couductance between the wifer 7 aod the dielectric plate 10. 1! there 
is oc dielectric plate on the center elcctrcdc 2» the wafer ? is direct 
ly placed CD ihe ceoter rf eleclrcde 2. 
[0022] 

The thio dielectric ring 3 ccrers tbe sidewill of the 
center electrode 2. Tbe thicioess of the dielectric ring 3 is takcD as t 
biooer as possible. For example, it is smaller thas Inm. Aioand Ihc thio 
dielectric ring 3, tbe outer electrode 4 is placed. The upper sarface c 
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f thf Dotei dectrcdt 4 cipaidcd ic ha^t a larger hcrizctiial forface 
area. The beight cf the cuter cicclude I is selected bj eiper inenialiy 
as ciplaincd later. The cress scclicDal Shape cf tbc fioier electrcde ^ u 
ay be cf rectaojular shape or L-sbape. If ihe cress secricoal sisape is c 

f L-5hape as shcwc in Fig. L Ihc thickDcss cf the hcrircntal part lE nc 
t critical. Usaalh this thickDcss is lafecn ic be larger than 2 cm. The 
thin dielectiic plate 5 ccvcrs the upper scrfact cf the CEler elecirode 
4. The plate 5 taay be nade «; f a s erni ccnducic r merabcr. The suitable mater 
ial Icr this plate 5 is selected dependicg cs lie chemistry of vafer pre 
cessing. 

[0023) 

The cuter sorlacf cf tbe enter electrede 4 and lie bciicm Eorface 
s cf the center aod coter eleclrcdes 2 and 4 arc ccvercd by the dieiecti 
ic meisbere 6a aad 6b. This is le electrically isolate the cealti electro 
de 2 and the ester electrede 4 frcia the stdevall 11 aod the bcttcn plate 
12 cf the wafer bctder 1. vbich tie made cf a oiclal aod is in ao electr 
i c a 1 1 y g r c a D d e d state. 
[00 2 i: 

Tfre abcre-ffien t icned ifafer hclder 1 is placed to the reactor cl a 
plasma prccessin? system, which is comprised cf a top plate, a sides^all 
and a racsoning system. The plasma proccssiog system may or may net be c 
omprised of atictber rf electrede. fci example* as the oppei electrede. £ 
ristence of another rf electrede does act affect the expected purpose of 
the iavented vafer holder 1 consisted vitb Iwc rf ciectrodcs. 
I0025j 

Next. piiQciple of operation acccrdinjr to the vslcr bolder 1 is e 
xplaioed. Since the wafer holder I is placed ia a plasma processiag syst 
eta as described abore. when the rf cnrrent is applied to tfae ccoter dec 
trode 2 frois the if power generator 8 coder the appropriate lew pressure 
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ccnditicn, a plasma is gcncralcd cfcr ibe upper sorfjce cf iht vaftr he 
Ider I hf c a pac i t i ?c 1 ir cciiplcii nic cha c i sra. Here, Ibe if pc-wcr i? (copied 
tc ibe plasma via the dielectric plate 10 a&d ilie Si vafcr 7. Fcf tbis r 
f pcwei ccupling, tbe ditlectric plaU 10 aod SI ^afer 7 generate a fini 
te impedance ffhicb is bancally depends cn llic ihiclness ana maierial cf 

tbe dielectric plaie IG. Lets ccnsidci this itupedaDce a! Rj. 
[0 0 2 6 : 

Similarly, ihe rt pcver ecu p lei tc lltL' coler electrode 4 ria tbe 
tHo dielectric ring 3 aicofid the center elecucdc 2. The rate cf the ri 
pcver ccupling depends cn the capacitance, C, bttcccn tbe center and tb 
e citcr electrodes 2 and 4. Here, C = € A/d (]), where e is the rela 
live dielectric ccnitant cf tbe thin dielectric ring 3, A i^ the nntuil 
SBXface area betveen tbe center and the enter eleclicdcs 2 and 4, and d 
is the thiclness cf tbe thin dielectric ring 3. Acccrdicflv. the impedan 
cc for ff power transfer frflm the center electrodes 2 tc the enter elect 
rede 4, ^^n be gireo as " l/(ia>C)» where <o \\ the angolir Ireqa 
eocj of applied if current. The if pcvci ccapliog to the cater electrode 

4 again ccoples tc tbe plasma via the dielectric ring 5 placed cn the o 
pper surface cf the citer elcctrcde 4. The impedaocc tc the rf carrent g 
enerated b? the dielectric ring 5 is ccosidered as R3. Eren thcogb it \i 

net essential, the thickness and nalerials of the dielectric members 3, 

5 and 10 are selected tc field < ly and l^. This is tc conlirm that 
the ficv of rf cirrent froii tbe center electrode 2 to tbe oiter electrod 
t 4 is centre! led onlf by K^* 

[0027] 

The thickness and materials cf the dielectric riog 3 and the diel 
ectiic plate 5 arc selected to field comparable K| and Rj. Therefore, by 
changiog A or/and d in the equatico (l) , the rf current flow from Iht c 
enter electrode 2 tc the cuter eiectrcde 4 can be contrciled. Here, A ca 
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Q be chnged by changing the height cf the cuter electrode 4 aod d can b 
e changed by tfas&giflj; the tfaicJioeES of tbe tbia dielectric liQg 3. Fcr e 
sample, tc ?edcce tbe rf cuirep.t flc» Ic the enter electicde 4, the hcig 
ht cf the cBter elfcticdt 4 can be rceoccd as shcifo io Fig. 2. 

[0028: 

GeneiaMf, tbe plasma generated cd the opper Enlace cf ifec ceoie 
J flectrcde 2 taUE tbe fcrtn as shnvn bf line 13 ic Fig- 3. Similarly, t 
he rf current cciplcd frcm the Gotei flectrcdc 4 also gCDeutcs a plasma 
(fbicb take« a doogbnii-shape as sbc^n bf lint 14 in Fig. 3. The gceerat 
icD ci the cuter plasma in the dcogbnot-shape caoses as impt cvement c( p 
lama unifcrmili? cut tbe wafer ?orface due tc tbc IcIlcviDg tvc reascns 

[0029: 

(]) The dOBghnit-sbaped plafma diffo«e! to the ce&tral legicn. (2 
) Existcficc of the enter plasma in tbe deoghno t-s hape reduces tbe impeda 
ace tc rf cineot frcm the central plasna tc tbc sidevall cf tbe plasma 
processing reader. This caused an expansica cf central plasma icvaid? t 
he sidcTalJ cf tbe piasna prccessing reader. These tvc rtaSGDS result i 
Q an impr 0 YemeDt of radial prcfile of plasma dinributico ever tbc snifa 
ce c f the surface 7 . 

[0D30] 

Tbe po^JiicD dI tie dcaghns t-sbaped plasma shown by tbc line H c 
8& be changed cbaogiog tbe width of the cuter elcctrcde 4. Fcr eianpl 
e, three possible conli go ra t i cds IS. 16 and 17 for the oiter electrode a 
re shewn is Fig. 4. The ccnfiguratioD 15 bas a cylindrical shape ffhcse b 
eight is obttaitial ly as sane as that of tbc center electrode 2. Tbc co 
fttignratton 16 is similar Ic tbe oiter electrode 4 except that the beigh 
t of tbe cylindrical pcrtion is shorter than that of tbe electrode 4. Tb 
e CDof iguration 17 bas a difference in tbc ring-shaped flange compared t 
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0 the Dtrei fle{trGde 4. Unog t soitably ccsfigured Gote/ elecrrode, tb 
e dCD^brmt -sbapH plisma can be brcadeocd, tbiooco, or niOTed tovrards or 
Gutvirds fjcm tbe ceotrti plaEtia gCDeritted over the ceQter e)ectrcde 2. 
[OUT: 

Next, thr feccnd wcikiog eiamplr explained usinj^ Fig. 5. litre 
tbe li pc^er source 8 is ccnnertcd tc the cntej clcclrcde 4 Tia a matchi 
circuit 9. Kicept this diffciciice. all the ether hardw^are are the fare 
e as explained in the fiiEt wcrkio^ example. The cpcralicaai principle i 
s ahc the same eiplaioed i li the first FCikiug example. Tlie gdIv diff 
erentc in the seccod wcikiBg ex ample ccmpaied tc tbe fiisi wcrling eiamp 
le is tbe rf cttirent flcvs ficn tbe c titer electicde 4 tc the center elec 
trede 2. Bcarevei. in crder tc ccoircl the radial aoi Ic rmi ty -e f the plasm 
a di sir ibct icD the same prccedore explained in first vcrkio^ example cac 
be . sscd . 

[0032: 

Further, tbe third wcrkiog example is expliiocd osiog Fig. 6. Her 
e, an ualci clecirede 24 i< sopplied an rf cirreot directly frcm a separ 
ate if poft'er geaerator 17 via a matching circuit IS. The ccof ifuratico c 
f the ciTer electrode 24 is al«c cbaoired tn a tbio circular plile as sho 
wo ia Fig. 6 bv climioaliDg tbe vertical or cylifidrical sectica compared 

w'lih the cuter electrcde 4. Hxcept these diffeieDCCS. all the other hai 
dvaie cflDfigoralicDS are tlic same as given io the liist ^c/kiog eianple. 

The frcqocDcy cf tbe r\ geoeratcr 17 ccnnfctcd tc tbe enter electrode 2 
4 lies in the range of 10 MHx to lOi) MHz. This rl freqneocy can be equal 

or different tim that given tc the center electrode 2. If differeoi rf 

frequencies arc enpiorcd, soilable rf cut-cff filters are added tc the 
rf electrical circuits. These rf cut-off filters are not shcvn in figure 
s . 

[0033] 
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The cpcfaticj ifi «iicli sccoDd and Ibird working fxampJes is the sa 
roe as ixplaioed in the first wciking cianple. Ibat is. oetil th« rcqnirc 
d radial nnifDrraity cf plasia iisiribulioa cur tie irafc; Surface is gi^ 
eD, th« rf pciFfr applied via tlic futci elcciicde is adjusted. Agaio, sim 
ilai tc the first fiEcrkiog ciamplc. tic shape cf tic cater electrcde cao 
be changed ic ifQprore the radial iBilcrmily of the plasma. 

[0034: 

Tie doal-clccircde ffafei hcidci cf the prescDl inveotico with the 
ceoler and colcr electrcdcs roaj be suitably CMfigoicd hj ccmbining cpi 
icnailT the distiactiTe parts cf eacl ifcrkiQg eJiample. 
[0035; 

[Effect of tbe Invet^liCD: 

The dual-e lectrcde wafer hclder iu acccrdancc ^^ith the present in 
YcDtica ca& impfcve radial ani f crraity of plasma disiributicu cFer th« so 
rfacc cf the s^afers tc be ^recessed aod tlcrebr improve the process toif 
ciD)i ij CO the rafer sor face. 
{. Brief Eiplaoaticn of the Drawings: 

[Fig. Ij 

This figure is a cress scclicaal Ticw cf a Joal electrode fafer h 
elder io acccrdaoce vith the first TcrllDg example. 
[Fig. 21 

This figure is 2 crcss sectional vie» of a modified eiample cf tb 
e first work LDf exanpl e . 
[Fig. 3] 

Tlis figure shows the radial profiles of plasmas generated ever t 
be center and ouler electrcdes iu the first wcrbiog example. 
[Fig. I] 

Tlis /ignrc slows cross sectional Hews {A}. (B) , (C) cf three po 
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SStble ccof iguat i ens fc; the ccier electrcde io th< fiisi vcrkinf eiaiDp 
le. 

[fig. 5; 

Tkis figaie is a cress sccticnsi rier ci s dtal electrcde ^afer b 
oHcr io accordaece v\ih the (eccnd rcrking exsniple. 
IFig. 6] 

Vkif figDie is a cross secticnal rifx cl a dni electrcde vafer b 
cider in acccida&ce with the third vcrkiog txampic. 
[Fig. i] 

Tiii& fignic is a cress secticoal riev ci a ccn?enticoaI waier hoi 
der io a plasma prcccssiog systeis. 
[fig. 11 

Vbi! figoie shcv;s three possible radial profiles cf plasma distri 
botici ever the valer smface vitb the ccnfeoticnal wafer bcldcr shcvo i 
B Fig. 7. 

IFig. 9j 

Tlit figore is a cress sectional Tie? cf a ccn?cntiCQal valer hcl 
del is aoctbcr type cf plasma prccessing svstem. 
[Explaoat icQS cf reference sig&Sj 
1 Wa f « r h c I d e I 

I Center e icclrode 

3 Tbin dielectric i iog member 

4 Ofltcr electrcde 

5 DoQghnu I'Shaped dielectric plate 
6a, 6b Dielectric member 

7 Wafer 

8 Hgeieratur 

9 Matching ciicsil 
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CFig. 7] 
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1 . Abstract: 

Ttis doal clccircdc vafcr hcldtr fci plasma assisted wafer pieces 
sing $nlcai improves the radial prcfilc cf the plasma density gb the ^zi 
cr. The dual dccticdc »aler hcldei I is ccmpriscd cf; a center clectrcd 
c 2 supplied with an rf corrent frcm ao rf pcffer scuice S, a tbin dielec 
trie ring merabei 3 arraogcd arcftDd sidevall cf the center electrcde, an 
citcj electicde 4 ariaogciJ aicuiid iht ihin dielectric ring member, whicfi 

c b t a i D s a f i a c t i c d c f the r I c d r r e n I given i c the c e tj i e r electrode via 
capacicivcJy ccupling mecdaniSBi thrcogh the thin dielectric riog raenbei-, 

a dielectric plate 5 fnr covering the upper surface c-i the cuter electr 
cde, afid dielectric loeoiber!; 6a, 6b fcr ccTcring tbe side and \cviti sorfa 
ceF cf the ctter elecircde and the Icwer surface of the center clectrcde 

2 . PepreEentat ire f ifiire : Mj[ . 1 
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